Introduction
The direct electrochemical synthesis of metal complexes of heterocyclic thiones has been the subject of several papers from our laboratory [1] [2] [3] [4] , Recently we have described the synthesis of Ni and Co complexes of l-hydroxy-2-pyridinethione (HPT) via an electrochemical procedure [5] , This ligand exists in two tautom eric forms I and II, the predominant being II.
In addition, this simple high-yield synthesis al lows mixed complexes to be obtained in one step, when an additional ligand is added to the electro lytic phase. As an extension o f our previous work we now describe the electrochemical synthesis of * R eprint requests to A. Sousa.
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Verlag der Z eitschrift für N atu rfo rsch u n g , D-W-7400 T übingen 09 3 2 -0 7 7 6 /9 3 /0 4 0 0 -0 4 3 1 /$ 01.00/0 mixed complexes with N-oxo-2-pyridinethionate and 2,2'-bipyridine. The crystal structure of bis(2,2'-bipyridine)(N -oxo-2-pyridinethionate)-Cd(II) perchlorate-1/4(2,2'-bipyridine) is also re ported.
Experimental
Acetonitrile was destilled before use. l-Hydroxy-2-pyridinethione (HPT) and 2,2'-bipyridine (bipy) (Aldrich) were used as supplied. Cadm ium (Aldrich) was used in the form of plates o f 0.5 mm thickness which were washed with dilute nitric acid, followed by destilled water, and then dried before used.
Physical measurements
The C, N and H contents of the com pounds were determined on a Carlo Erba EA 1108 mi croanalyzer. Infrared spectra were recorded in KBr mulls on a Perkin-Elmer 180 spectrophotom eter. NM R data were recorded on a Bruker WM 250 MHz spectrophotom eter using DM SO-d6 as solvent. The chemical shifts were determined with TM S as internal standard.
Electrochemical procedures
The electrochemical method used in the synthe sis of the com pounds was similar to that described by Tuck [6] , When cadmium metal was oxidized in a solution of HPT (0,2 g) and 2,2'-bipyridine (0,16 g) in acetonitrile (50 ml), as well as ca. 40 mg o f Et4NC104 as supporting electrolyte, using a plat inum cathode, an applied voltage of 18 V pro-duced a current o f 10 mA. During the electrolysis hydrogen was evolved at the cathode. An insoluble product was formed during the electrolytic pro cess. After four hours, the reaction mixture was fil tered, the solid was collected and characterized.
[Cd(PT)2(b ip y )]H 20 Calcd C 44'.6 H 2.3 N 10.4%, Found C 44.6 H 2.7 N 10.1%.
The filtrate was left to concentrate by evapora tion at room tem perature. Crystals formed slowly and were identified by elemental analysis.
[Cd(PT)(bipy)2]C104 • l/4(bipy) Calcd C 47.8 H 3.2 N l l .2 % , Found C 47.6 H 3.0 N ll.5 % .
Both com pounds are insoluble in hydrocarbons and acetone, but soluble in methanol or dimethylsulphoxide. The IR and N M R spectra prove the presence of both ligands in the complexes (see be low). (Table I) were refined by least-squares methods on the Bragg angles of 25 reflections in the range 6 < # < 1 1°. Intensities were measured at room tem perature with M oK Q radiation by the co/6 scan T able I. C rystallo g rap h ic d a ta for [C d(PT )(bipy)2]ClÖ 4-l/4(bipy). technique. 9363 reflections collected in the range 3 < 0 < 2 4 were merged to 8595 unique ones (R jfU = 0.025) 3019 of which with I > 3 rr(I) were used in the structure determ ination and refinement. Lorentz polarization and empirical absorption [7] corrections were applied (absorption: min. 0.663, max. 1.196 ). The structure was solved by direct methods [8] and refined by full-matrix leastsquares methods with unit weights and anisotropic displacement param eters for the atoms bonded to the Cd atoms and isotropic displacement param e ters for the remaining atoms. H atoms were not de termined. Final R factor: R = 0.074, Rw = 0.080, S = 7.255 for 399 parameters. Atomic scattering fac tors: International Tables for X-ray Crystallogra phy [9] , Calculations were performed on a DEC Micro VAX II com puter with the SDP program package [10] . Positional and displacement param e ters (parameters are given in Table II*) .
Results and Discussion
The electrochemical oxidation of cadmium met al in the presence of l-hydroxy-2-pyridinethione (HPT) and bipyridine leads initially to the forma tion of [Cd(PT)2(bipy)] • H 20 . which is obtained as an insoluble com pound, and subsequently to [Cd(PT)(bipy)2]C104-1 /4(bipy) by slow evapora tion of the remaining solution. The cation charge is balanced by a perchlorate anion originating from the Et4N C104 added to the electrolyte to en hance the initial conductivity. The electrochemical efficiency, Ef. defined as moles o f metal dissolved per Faraday of charge, was found to be 0.5 mol/F. This and the evolution of hydrogen at the cathode is compatible with the following process:
The com pounds obtained were characterized by IR and 'H and n C N M R spectra, and in the case of [Cd(PT)(bipy)2]C104-l/4(bipy) by X-ray dif fraction. In the asymmetric unit there are two indepen dent cation complexes [Cd(PT)(bipy)2]+, two per chlorate anions and a half molecule of bipyridine. The crystal structure of the independent molecules is illustrated in Fig. 1 and in a stereoscopic view of the unit cell in Fig. 2 . Selected bond distances and angles with the estimated standard deviations are listed in Tables III and IV . The metal atom is coor dinated by a bidentate N-oxopyridine-2-thionate anion and two bidentate bipyridine molecules. The 
236 (2) cule due to the small bite o f this ligand. The aver age value of 69.6(6) is very similar to that found in other hexacoordinate Cd(II) complexes containing this ligand [11, 12] . lower wavelengths: 700 and 695 cm -1, respectively. This behavior is similar to that found in other sys tems in which the ligand is coordinated in the an ionic form via the oxygen and sulphur atom s [17] , and confirms the bidentate character of the ligand in both compounds. The com pounds also exhibit IR absorptions characteristic of the presence of coordinated bipyridine at 780 and 730 cm 1 [18] . In addition, a broad band observed at 1100 cm " 1 is attributable to the perchlorate group.
The 'H N M R data for ligand and complexes are reported in Table V . The free ligand shows a broad singlet at about 12.1 ppm. This signal is absent in both complexes, indicating that deprotonation of this molecule has ocurred. The spectra o f the com plexes also show the signals of the four non-equiv alent hydrogen atoms of the PT moiety (with the chemical shifts in agreement with those reported for other N-oxopyridine-2-thionate complexes [19] ), and also four signals of the coordinated bipy (see Table V ).
The l3C N M R data of HPT and the complexes are shown in Table VI . The most im portant fea ture is the C(2) signal, which is shifted towards higher field with respect to the free ligand. This be havior has been interpreted in terms of a reduction of the C = S bond order [20] , which is consistent with the ligand having a higher contribution of the thionate form in the complex than in the free form. 
